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METHOD AND APPARATUS FOR LASER PR" \ ING WORKPIECES 



Technical Field 

The field of art to which this invention pertains is laser drilling, more 
specifically, laser drilling of workpieces. 

Background of the Invention 

Laser drilling apparatuses and methods of drilling work pieces or objects are 
well known in the art. For example, it is known to use lasers and associated optics 
to drill holes in surgical needles, medical devices, aerospace components, 
automotive components, electronic components, and military components. The 
size of the opening to be drilled in the workpiece, and the type of material will 
dictate the type of laser and its output. Types of lasers that can be used for drilling 
procedures include Nd-Yag, carbon dioxide, and ruby lasers. Power outputs of 
these lasers may typically be in the hundreds of watts and are a function of the 
materials, hole diameters, hole depths, and beam energy required to drill such 
holes. 

When drilling a hole in a metal workpiece, it is known that the metal heated 
by the laser beam is melted in discrete volumetric sections as the heat from the 
laser beam is absorbed and conducted by the metal. The molten metal 
subsequently is expelled from the opening by the force of vaporized metal that is 
also produced by the laser beam. In order to efficiently produce an opening and a 
hole in a metal work piece using a laser drilling apparatus, it is typically necessary 
to pulse the laser beam in precise, timed segments to allow the volumes of molten 
metal to be expelled as each laser beam segment is applied. 
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Quite often, laser drilling operations are conducted in high speed 
manufacturing environments where the workpieces are mounted to high speed 
production machines, such as progressive index machines. Inherent with such 
operations and machinery is vibration that is transmitted through the machinery and 
to the workpiece. This can be problematic if the hole to be drilled in the workpiece 
must be precisely located and must have precise dimensions. It is known to mount 
lasers to the frames of high speed machinery on vibration absorbing mounts, but 
this typically will not eliminate all of the vibration to the laser, and the workpiece 
continues to vibrate. It is known that the mirrors and other components of a laser 
are sensitive and can become misaligned or damaged by vibration. Similarly, it is 
know to mount a laser remotely from the frame of the high speed machine. 
Although this protects the laser from vibration, it does not eliminate the problems 
associated with the workpiece vibrating and does not alleviate the difficulties in 
attempting to precisely drill a hole in the workpiece.. 

Therefore, there is a need in this art for a novel method of laser drilling 
workpieces, along with novel apparatuses, that allows vibrating workpieces to be 
drilled precisely. 

Summary of the Invention 

Accordingly, a novel laser drilling process is disclosed. A workpiece 
mounted to a vibrating frame is provided, wherein both the workpiece and the 
frame vibrate in unison. A laser is mounted to a second frame. The second frame 
is substantially isolated from the vibrating frame. A spherical focusing lens is rigidly 
mounted to the first vibrating frame such that a beam emitted from the laser is in 
substantial alignment with the vibrating workpiece. A laser beam is emitted from 
laser and directed through the spherical lens onto a target site on the workpiece. 

Another aspect of the present invention is an apparatus for laser drilling a 
vibrating workpiece. The apparatus has a laser mounted to a first frame. A 
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spherical focusing lens is rigidly mounted to a second frame of a vibrating machine. 
A workpiece is engaged by the machine. The laser and lens are aligned to provide 
a focused beam at a target site on the workpiece. 

These and other aspects and advantages of the present invention will 
become more apparent from the following description and accompanying drawings. 

Brief Description of th e Drawings 

FIG. 1 is a schematic of a laser apparatus of the present invention used for 
laser drilling a vibrating workpiece. 

FIG. 2. is a schematic of a laser drilling apparatus of the prior art wherein 
the laser and focal lens are mounted to the machine to which the workpiece is 
engaged. 

FIG. 3 is a schematic of a laser drilling apparatus of the prior art used for 
drilling a vibrating workpiece, wherein the laser and a focusing lens are mounted to 
a separate frame that is separate from the machine frame to which the workpiece is 
engaged. 

FIG. 4 illustrates a laser drilling apparatus of the present invention. 
FIG. 4A is a partial, magnified view of the needle and fixture of FIG. 4. 
Detailed Description of the Invention 

The lasers that can be used in the method and apparatus include conventional 
lasers such as Nd-YAG lasers, carbon dioxide lasers, ruby lasers and the like. A 
particularly preferred laser is Nd-Yag. The power of the lasers will be sufficient to 
provide effective drilling of a hole in a workpiece. This will be dependent upon a 
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number of factors including the size and depth of the hole, the type of material, the 
drilling time, beam size, beam amplification, pulse width, number of pulses, 
environment and the like. When drilling suture mounting bore holes in stainless steel 
surgical needles, for example, the average beam power will typically range from 10 

5 watts to about 500 watts. In addition, a controlled pulsing system is used to control 

the laser beam. It is necessary to pulse a laser in a metal drilling operation because 
the pulse train allows control of hole shape and quality as well as hole size, and to 
some degree depth. The pulse train allows control of the drilling process to optimize 
the peak and average laser power used to drill the workpiece. Pulsed laser drilling 

i o systems are described in U.S. Patent No. 6,252,195 which is incorporated by 

reference. 

The spherical lenses that can be used in the methods and apparatus of the 
present invention will have sufficient optical characteristics to effectively focus a laser 
1 5 beam onto a target site on a vibrating workpiece. To minimize the effects of spherical 

aberrations the focal lens must take into consideration laser beam diameter, lens size, 
and static beam alignment. 

A schematic of a laser drilling apparatus 5 of the present invention is seen in 
FIG. 1 . The laser 1 0 is mounted to a table 20. The laser 1 0 is seen to be mounted to 
conventional vibration pads 40. The spherical lens 50 is seen to be mounted to 
machine frame 60 in proximity to workpiece 70. As used generally herein, what is 
meant by mounted to the machine frame is that the workpiece is either mounted 
directly to the machine frame or may be mounted in a conventional fixture device that 
is in turn mounted to the machine frame. In either case, the workpiece would vibrate 
in unison with the fixture and/or machine frame. Workpiece 70 is engaged by a 
conventional progressive tooled production machine 80. Lehs 50 is rigidly mounted to 
the machine frame 60. A laser light beam 15 emitted by laser 10 is seen to travel 
through spherical lens 50 and to be collimated and focused at focal point 57 which 
3 o corresponds spatially to a target site 72 on workpiece 70. As machine frame 60 

vibrates, the workpiece 70 and the lens 50 vibrate in a substantially synchronous 
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manner. At the same time, laser 10 and laser beam 15 are substantially fixed spatially 
with respect to the vibrating workpiece 70 and lens 50. Because of the physics of a 
spherical lens, as long as the vibratory movement of the lens 50 is substantially 
perpendicular or axial to the laser beam 1 5, and thus the laser beam 1 5 enters the 

5 lens 50 on a path parallel to the central axis of the lens 50, the beam 1 5 will be 

focused at the same target site 72 on workpiece and at focal point 57. This results in 
ability of the laser system to drill precise holes in precise location on and in a vibrating 
workpiece. In addition, the laser 1 0 is not subjected to vibratory forces which can 
result in a variety of problems and damage to the laser such as misalignment of the 

i o mirrors, prisms, beam expanders, crystals and the like. 

A standard configuration 1 05 known in the art for laser drilling workpieces on a 
vibrating high speed machine is seen in FIG. 2. The laser 110 and lens 150 are both 
mounted to the vibrating machine frame 160. A workpiece 170 having a target site 
1 75 is engaged in proximity to the lens 1 50 by clamp tooling. A laser beam 1 1 5 is 
directed through spherical lens 150 such that it is collimated at focal point 157, which 
corresponds spatially to target site 175. In this configuration, the laser 1 10, the 
Iens150 and the workpiece 170 are all conducting vibrations transmitted through the 
machine frame 160. The problems associated with this prior art approach to laser 
drilling include laser damage, laser alignment damage, variations in targeting. 
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Another known configuration 205 for laser drilling workpieces is illustrated in 
FIG. 3. As seen in FIG. 3, the laser 200 and the lens 250 are mounted on a 
separate, stationary frame 220. The workpiece 270 is engaged on vibrating 
machine frame 260. Vibration of machine frame 260 will cause vibration to be 
transmitted to workpiece 270 causing it to displace with respect to laser bean 21 5 
emitted by laser 200. This in turn will cause the focal point 257 of lens 250 to move 
with respect to the target site 275 on workpiece 270 causing deficiencies in both the 
location and dimensional preciseness of the drilled hole. 
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FIG. 4 illustrates a preferred embodiment of a laser drilling apparatus 300 of 
the present invention. The laser 310 is mounted to a separate, stationary frame 
340. Laser 310 is mounted on conventional vibration pads 320. The lens 350 is 
seen to be mounted to machine frame 370 of conventional progressive 
manufacturing machine 360 having vibration mounts 375. A conventional surgical 
needle 400 is seen to be engaged by conventional workpiece-holding fixture 390. 
Surgical needle 400 has distal pointed piercing end 402 and proximal end 404. 
Surgical needle 400, machine frame 370 and fixture 390 vibrate substantially in 
unison. A laser beam 315 is seen to directed through lens 350 onto the proximal 
end 404 of needle 400 onto target site 410 to drill a suture-mounting hole. 

The laser drilling apparatus and the drilling method of the present invention 
have many advantages. The advantages include increased life of laser and optical 
beam alignment leading to increased quality of laser beam. Increased precision of 
focal point on target leading to less variation in final hole position. 

Although this invention has been shown and described with respect to 
detailed embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and detail thereof may be made without departing from the 
spirit and scope of the claimed invention. 
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